ROBOTICS AND 
COMPUTER-INTEGRATED 
MANUFACTURING 


Volume Contents and Author Index 


Volume 8, 1991 


© 


PERGAMON PRESS 


Oxford - New York - Frankfurt - Seoul - Sydney - Tokyo 


= 


ROBOTICS AND COMPUTER-INTEGRATED MANUFACTURING 


Co-Editors-in-Chief 


Toshio Sata, Ginter Spur, Nam P. Suh, 

Executive Director, RIKEN, Fraunhofer Institute for Professor, Laboratory for Manufacturing & 
The Institute of Physical and Production Systems and Productivity, Massachusetts Institute of 
Chemical Research, Design Tecnology, Institute for Technology, Cambridge, MA 02139, USA 
2-1, Hirosawa, Wako-shi, Machine Tcols and Manufacturing 

Saitama 351-01, Japan Technology, Centre for Production 


Technology (PTZ), Pascalstr. 8-9, 
1000 Berlin 10, Federal Republic of 
Germany 


Founding Editor, Haroid Liebowitz, Associate Editor, Steven H. Kim, 


Dean and Professor, Schoo! of Assistant Professor, Laboratory for 
Engineering and Applied Science, Manufacturing and Productivity, 
George Washington University, Massachusetts Institute of Technology, 
Washington, DC 20052, USA Cambridge, MA 02139, USA 

BOARD OF EDITORS 
Thomas O. Binford Takeo Kanade Eiji Nakano J.J. Solberg 
Stantord University, USA Carnegie-Melion University, USA Mechanical Engineering Laboratory, Purdue University, USA 
Oyvind Bjorke Ichiro Kato Japan Hidehiko Takeyama 
University of Trondheim, Norway Waseda University, Japan Norio Okino Ikutoku Technical University, Japan 
S. Dubowsky Robert Kelly Kyoto University, Japan Jiro Tlusty 
Massachusetts Institute of University of Rhode Island, USA Frank W. Paul University of Florida, USA 
Technology, USA Fumihiko Kimura Clemson University, USA H.K. Tonshoff 
G. Duelen University of Tokyo, Japan J. Peklenik Fertigungstechnik & Spanende 
Fraunhoter-institut fur Produktions- Bruce M. Kramer University of Ljubljana, Yugoslavia Werkzeugmaschinen, F.R. Germany 
anlagen und Konstruktionstechnik, FR. — George Washington University, USA J. Peters Yoji Umetani 
Germany C. Richard Liu Instituut voor Werktuigkunde, Belgium Tokyo Institute of Technology, Japan 
Hideo Hanatusa Purdue University, USA Kenneth Preiss Hans-Jurgen Warnecke 
Kyoto University, Japan Hiroshi Makino Ben-Gurion University of the Negev, University of Stuttgart, FR. Germany 
Kensuke Hasegawa Yamanashi University, Japan Israel Mantred Weck 
Tokyo Institute of Technology, Japan E. Matthias Thomas B. Sheridan Laboratorium fur Werkzeugmaschinen 


Yukio Hasegawa IWF der E.T.H., Switzerland Massachusetts Institute of und Betriebsiehre, F.R. Germany 


Waseda University, Japan M. Eugene Merchant Technology, USA Hiroyuki Yoshikawa 
Yoshimi ito Metcut Research Associates, Yoshiaki Shirai University of Tokyo, Japan 
Tokyo Institute of Technology, Japan inc., USA Osaka University, Japan Kenichi Yoshimoto 


University of Tokyo, Japan 


EDITORIAL ADVISORY BOARD 


Haruhiko Asada Rober A. Frosch G.F. Micheletti Warren Seering 
Massachusetts Institute of Technology, | General Motors Corporation, USA Politecnico di Torino, Italy Massachusetts Institute of Technology, 
USA Robert E. Fulton Hugh H. Miller USA 
Jordan J. Baruch Georgia Institute of Technology, USA Rockville, MD, USA G. Seliger 
Jordon Baruch Associates, USA Thomas G. Gunn } Stuart G. Miller Technical University Berlin, F.R. Germany 
John T. Berry Gunn Associates, USA} General Electric, USA William M. Spurgeon 
Georgia institute of Technology, USA Hideo Hanatusa Eric Mittelstadt National Science Foundation, USA 
Erich Bloch Ritsumeikan University, Jagan GMFanuc Robotics Corporation, USA Delbert Tesar 
IBM Corporation, USA Leonard S. Haynes Roger N. Nagel University of Florida, USA 
W. Dale Compton U.S. National Bureau of stdndards, USA Lehigh University, USA Jack B. Wachtman, Jr. 
Ford Motor Company, USA T.M. Husband James Nevins Rutgers University, USA 
Marvin O. Denicoft Imperial College, UK The Charles Stark Draper Laboratory John J. Wallace 
Thinking Machine Corporation, USA Robert Kahn Inc., USA Prab Robots Inc., USA 
Arthur Diness Defense Advanced Research Projects David Nitzan Kuo-K Wang 
Office of Naval Research European Agency, USA SAI International, USA Cornell University, USA 
Office, USA Christopher W. LeMaistre John B. Ochs R.C. Wilson 
Max Donath Rensselaer Polytechnic Institute, USA Lehigh University, USA University of Michigan, USA 
University of Minnesota, USA Jay Liebowitz Nicholas Perrone Paul K. Wright 
Amitai Etzioni George Washington University, USA Maryland, USA Courant Institute of Mathematical 
Harvard Business School, USA A.M. Massaro Azriel Rosenteid Sciences, USA 
Westinghouse, USA University of Maryland, USA 


Editorial Office: Professor Steven H. Kim, Robotics and Computer-integrated Manufacturing, Laboratory for Manufacturing and Productivity, Massachusetts Institute of 
Technology, Cambridge, MA 02139, USA. Tel. (617) 253-2249. 


Publishing, Advertising, and Subscription Offices: Pergamon Press Inc., 395 Saw Mill River Road, Elmsford, New York 10523, USA; or Pergamon Press pic, Headington 
Hill Hall, Oxford OX3 OBW, England. 


Published as eight issues (two volumes). institutional subscription (1991) DM 925.00; two-year rate (1991/92) DM 1757.50. Prices include surface postage and insurance; 
air mail subscriptions extra. Information on microform subscriptions is Available upon request. Subscription rates for Japan include despatch by air and prices are available on 
application. 

Copyright © 1991 Pergamon Press pic 
Copyright Notice. 't is a condition of publication that manuscripts submitted to this journal have not been published and will not be simultaneously submitted or published elsewhere. By submitting a 
manuscript, the authors agree that the copyright for their articie is transferred to the publisher if and when the article is accepted for publication. The copyright covers the exclusive rights to reproduce and 
distribute the article, including reprints, photographic reproductions, microtorm or any other reproductions of similar nature and translations. No part of this publication may be reproduced, stored in a 
retneval system or transmitted in any form or by any means, \ . Magr tape, mechanical, photocopying, recording or otherwise, without permission in writing from the copyright 
holder. 
Whilst every effort is made by the publishers and editorial board to see that no inaccurate or misleading data. opinion or statement appears in this journal, they wish to make it clear that the data and 
Opinions appearing in the articles and advertisements herein are the sole responsibility of the contributor or advertiser concerned. Accordingly. the publishers, the editorial board and editors and their 
respective employees, officers and agents accept no responsibility or liability whatsoever for the consequences of any such inaccurate or misleading data, opinion or statement. 
Photocopying information for users in the U.S A.: The item-Fee Code for this publication indicates that authorization to photocopy items for interna! or personal use is granted by the copyright hoider for 
libraries and other users registered with the Copyright Clearance Center (CCC) Transactional Reporting Service provided the stated fee for copying beyond that permitted by Section 107 or 108 of the 
United States Copyright Law is paid. The appropriate remittance of $3.00 per copy per article is paid directly to the Copyright Clearance Center inc., 27 Congress Street, Salem, MA 01970. The copyright 
owner's consent does not extend to copying for general distribution, for promotion, for creating new works, or for resale. Specific written permission must be ob d from the publisher for such copying. 
in case of doubt please contact your nearest Pergamon Press office. 
The item-Fee Code for this publication is: 0736-5845/91 $3.00 + .00. 
Back issues of ail p ty published vok are jlable direct trom Pergamon Press offices. 


Kazuaki lwata 
Osaka University, Japan 


List of Contents 
Volume 8 Number 1 1991 
Papers | 
D. M. Stoxic, M. K. VUKoBRATOVIC 1 Simulation of robots in flexible manufacturing cells 
and D. B. Lexovic 
C. M. Wu, JT. Black 9 Using Taguchi methods to determine/optimize robot process 
” and B. C. JIANG capability for path following 
" O. F. OrropiLe and K. UGwu 27 Evaluating the effect of speed and payload on robot 
repeatability 
J. Cesarone and K. F. EMAN 35 Efficient manipulator collision avoidance by dynamic Be 
programming 
/ 
: S. CeTInKUNT and R.-L. Tsai 45 Accurate, robust, adaptive control in contour 
tracking applications of robotic manipulators j 
S. H. Kim 53 A formal model of creative decision making 
D. Ben-ARIEH 67 Concurrent modeling and simulation of multi-robot systems 
75 Announcement 
I Software Survey Section 
Volume 8 Number 2 1991 | 
Papers 
N. KirGAnski, M. VUKOBRATOVIC, 77 Multiprocessor control system for industrial robots 
B. Karan, M. KirCANSKI 
. and A. TIMCENKO ; 
‘ G. M. Bone and M. A. Evsestawi 87 Active end effector control of a low precision robot in 
_ deburring 
T. Lianos, D. Kiritsis 97 Adirect algorithm for continuous path control of 
and N. AsPRAGATHOS manipulators 
Y. YAo 103 Transient lateral motion of robots in part mating = 
Z. DoutGerti and N. MAGALETT!I 113 Production control policies for a flexible assembly system 
S. H. Kim 121 Product performance as a unifying theme in concurrent : 
design—I. Concepts 
F S.H. Kimand J. A. Oo 127 Product performance as a unifying theme in concurrent 
design—II. Software 
I Software Survey Section 
ii 


iv 


Volume 8 Number 3 


List of Contents 


1991 


Second International Conference on Robotics 


V. and D. Mitutinovic 
Papers 
A. Rovetta, X. WEN 


and F. 


V.R. Miracic, B. N. Popov 
and N. Ds. Covic 


J. LENARCIC and A. UMEK 


A.J. Dentsoras and N. A. AsPRAGATHOS 


H. JANocnHa and |. PAPADIMITRIOU 


V. PorKoNnjAK and A. KrsTuLovic 


J. Cuvitvtier, D. te HOUEDEC 
and J. RicHarb 


V. POTKONJAK 
P. CrNoSuA, M. BENAKOVIC, 


F. Skor, T. CRNoSUA, 
1. PRELOZICEK and O. PERCINIC 


Volume 8 Number 4 


Papers 
K. S. Moon, K. Kim 
and F. AZADIVAR 


R. O. Mittat, P. H. COHEN 
and B. J. GiLMORE 


M. M. SFANTSIKOPOULOS 
and S. C. DipLaris 


G. DUELEN and K. SCHROER 


C. MLADENOVA 


135 


149 


157 


163 


171 


175 


181 


193 


Preface 
Realization of a prosthesis of the lower limb: development of 
kinematics 


Mathematical model of an industrial robot with articulated 
configuration and six degrees of freedom 


A Pascal program for automatic generation of robot 
kinematic equations 


Modelling the dynamic characteristics of a robot arm joint 


Simulation of the dynamic behavior of robots in an extreme 
environment 


Robotic welding system with parallel degrees of freedom 


How to make use of images of contact areas to foresee the 
slip of an object grasped by a robot's claw 


New approach to the application of redundant robots 


Optimal closed-loop control of a hybrid step motor with 
chopper drive 


New Patents 


Software Survey Section 


1991 


Optimum continuous path operating conditions for 
maximum productivity of robotic manufacturing systems 


Dynamic modeling of the fixture-workpiece system 


Coordinate tolerancing in design and manufacturing 


Robot calibration — method and results 


Mathematical modelling and control of manipulator systems 


137 
— 
| 
201 
219 
ae 
223 
233 


List of Contents 


S.-J. Kim, N. P. Sun 243 Design of software systems based on axiomatic design 
and S.-G. Kim 


J. CESARONE QEX: an in-process quality control expert system 


S. H. Kim Coordination of multiagent systems through explicit 
valuation of action 


Software Survey Section 


| 


Azadivar, F. 193 


Ben-Arieh, D. 67 
Benakovic, M. 187 
Black, J T. 9 
Bone, G. M. 87 


Cesarone, J. 35, 257 
Cetinkunt, S. 45 
Cohen, P. H. 201 
Cosmi, F. 137 
Covic, N. Dj. 143 
Crnosija, P. 187 
Crnosija, T. 187 
Cuvillier, J. 175 


Dentsoras, A. J. 157 
Diplaris, S.C. 219 
Doulgeri, Z. 113 
Duelen, G. 223 


Elbestawi, M. A. 87 
Eman, K. F. 35 


Gilmore, B. J. 201 


Janocha, H. 163 
Jiang, 9 


Karan, B. 77 
Kim, K. 193 


Kim, S. H. 53, 121, 127, 265 


Kim, S.-G. 243 
Kim, S.-J. 243 
Kircanski, M. 77 
Kircanski, N. 77 
Kiritsis, D. 97 
Krstulovic, A. 171 


Le Houedec, D. 175 


Author Index 


Aspragathos, N. A. 97, 157 


Lekovic, D. B. 1 
Lenarcic, J. 149 
Lianos, T. 97 


Magaletti, N. 113 
Milacic, V. 135, 143 
Milutinovic, D. 135 
Mittal, R. O. 201 
Mladenova, C. 233 
Moon, K. S. 193 


Offodile, O. F. 27 
Ooi, J. A. 127 


Papadimitriou, I. 163 
Percinic, O. 187 
Popov, B. N. 143 
Potkonjak, V. 171, 181 
Prelozicek, I. 187 


Richard, J. 175 
Rovetta, A. 137 


Schroer, K. 223 
Sfantsikopoulos, M. M. 219 
Skof, F. 187 

Stokic, D. M. 1 

Suh, N. P. 243 


Timcenko, A. 77 
Tsai, R.-L. 45 


Ugwu, K. 27 
Umek, A. 149 


Vukobratovic, M. K. 1, 77 


Wen, X. 137 
Wu, C. M. 9 


Yao, Y. 103 


= 
== 


SEND FOR A FREE SAMPLE COPY OF... 


INTERNATIONAL JOURNAL OF 
MACHINE TOOLS & MANUFACTURE 


DESIGN, RESEARCH & APPLICATION 


Editors-in-Chief: R DAVIES and T A DEAN, Department of Manufacturing and Mechanical 
Engineering, The University of Birmingham, PO Box 363, Birmingham B15 2TT, UK 


The International Journal of Machine Tools & Manufacture is concerned primarily with the 
publication of papers dealing with design, research and development of technologies, hardware 
and management systems applied to manufacture, using metals and non-metals. To this end, 
coverage is given to such topics as: 

* Mechanics of processes including cutting, forming, casting and novel manufacturing methods 
* Design and development of machines 

* Manufacturing systems within which the processes are utilized 

* Relevant topics in plasticity 

* Tool design, tool wear and failure monitoring 

* Process development and new or novel processes 

* Economics of production and manufacture 

* Machine tool control and instrumentation 

* CAD/CAM 

* Materials handling including robotics 

* Metrology and surface engineering including nanotechnology 


The above list is by no means exhaustive and papers on associated topics will be welcomed. In 
general, the Editors will consider papers covering both new developments of traditional methods 
and the introduction of novel processes and manufacturing techniques. Industrial relevance is a 
key factor and it is important that papers are presented in a manner which may be appreciated 

by practising engineers as well as by research workers and educationalists. 


A Selection of Papers 
B-B HWANG & S KOBAYASHI (USA), Application of the finite element method to powdered 
metal compaction processes. 

I KOUATLI & B JONES (UK), An improved design procedure for fuzzy control systems. 

D T PHAM, (UK) & A DE SAM LAZARO (USA), AutoFix - an expert CAD system for jigs and 
fixtures. 


M H SADEGHI (Iran) & T A DEAN (UK), Analysis of ejection in precision forging. 
Indexed/Abstracted in: Curr Cont, Engng Ind Monthly & Author Index 


(00264) 
Subscription Information 

1992: Volume 32 (6 issues) 

Annual subscription (1992) £285.00 US$455.00 
Two-year rate (1992/93) £541.50 US$864.50 
ISSN: 0890-6955 


PERGAMON PRESS 


Pergamon Press plc, Headington Hil] Hall, Oxford OX3 OBW, UK 
Pergamon Press, Inc., 395 Saw Mill River Road, Elmsford, NY 10523, USA 


Advertising rate card available on request. Back issues and current subscriptions are also available in microform. Sterling 
prices quoted are definitive. US dollar prices are quoted for convenience only and are subject to exchange rate fluctuation. 
Prices include postage and insurance and apply worldwide except in Japan. 


Librarians, save money on new 


subscriptions, join our 
Profile Plan 


Pergamon Press is keeping pace with the current explosion in information through the continuation of our 
Selective Order Profile Plan. 

Pergamon recognises the need for libraries to monitor developments in various disciplines and has developed 
the Profile Plan to keep you informed about new and existing journals in your area(s) of interest. 


SELECT ORDER PROFILE PLAN 


We will provide a 'customised' list of all Pergamon journals that are within your specific area(s) of interest. 
From this list, you can select sample copies of any journals which you or your colleagues would like to review. 
Your library will automatically receive the first issue of any new journals that are published in the subjects you 
select. 


Profile Plan participants will receive: 


- 25% discount on new one year subscriptions 

- 3% discount on new two-year subscriptions 

- 50% discount on back issues when ordered with a current subscription 
- Acopy of the PERGAMON JOURNALS BULLETIN each month 

- Aone year complimentary subscription to one of the following: 


INFORMATION PROCESSING AND MANAGEMENT 
LIBRARY ACQUISITIONS, PRACTICE AND THEORY 
GOVERNMENT PUBLICATIONS REVIEW 
EVALUATION AND PROGRAM PLANNING 


Terms for SELECTIVE ORDER PROFILE PLAN 
Participating libraries receive the appropriate discount on new titles ordered. Profile Plan orders may be amended 
at any time and may be cancelled by either party with written notice. 


TO OBTAIN FURTHER DETAILS TOGETHER WITH A PROFILE PLAN CHECKLIST, 
please write to Marketing Department: 


Pergamon Press pic, Headington Hill Hall, Oxford OX3 OBW, UK 
Pergamon Press Inc., 395 Saw Mill River Road, Elmsford NY 10523, USA 


CORO17/p2 


Printed in Great Britain by Nuffield Press Limited 704 


| 


